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FUEL INJECTION CONTROL SYSTEM FOR INTERNAL COMBUSTION ENINGE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This nonpro visional application claims priority under 35 U.S.C. § 119(a) on 

Patent Application No. 2002-264176, filed in Japan on September 10, 2002, the entirety of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0002] The present invention relates to a fuel injection control system for an 

internal combustion engine. More particularly, the present invention relates to a fuel 
injection control system for correcting a fuel injection quantity on the basis of a gear position. 

2. Description of Background Art: 

[0003] A basic injection quantity of fuel is preferably determined on the basis of an 

intake air quantity. A technique has been disclosed in which manifold air pressure capable 
of accurately representing the intake air quantity has been adopted as a parameter for 
determining the basic injection quantity. On the other hand, in a motorcycle, the response to 
opening a throttle valve is an important aspect of operating performance and marketability as 
a whole. However, a manifold air pressure sensor does not provide an excellent output 
response to a change in negative pressure during transient driving, such as when the throttle is 
suddenly opened. Accordingly, it becomes difficult to accurately represent the intake air 
quantity. 

[0004] In order to solve such a technical problem, for example, Japanese Patent 

Laid-Open No. 4-365943 discloses a technique in which a throttle opening 9TH is newly 
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added as a parameter for determining the basic injection quantity of fuel. The basic 
injection quantity is retrieved in a steady state from a manifold air pressure map (PB map) in 
which the engine speed NE and the manifold air pressure PB are used as parameters. In a 
transient state, the basic injection quantity is retrieved from a throttle opening map (TH map) 
in which the engine speed NE and the throttle opening 0TH are used as parameters. 
[0005] According to the background art technique described above, when an 

attempt is made to determine the basic injection quantity on the basis of the TH map, the 
basic injection quantity will be uniquely determined if the engine speed NE and the throttle 
opening 9TH are obtained. However, when the gear position is low (speed reducing ratio is 
large) even if the engine speed NE and the throttle opening 9TH are the same, running 
resistance (engine load) becomes lower than at a high gear position (speed reducing ratio is 
small). Therefore, it is preferable to differentiate the basic injection quantity in accordance 
with the gear position. However, if an attempt is made to provide the TH map for each gear 
position, there has been a technical problem in that numerous memory areas become 
necessary. 



SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to solve the problem of the 

background art technique described above, and to provide a fuel injection control system for 
an internal combustion engine capable of determining an optimum fuel injection quantity in 
response to a running load without the necessity of providing a plurality of throttle opening 
maps. 

[0007] In order to achieve the above-described object, the present invention 

includes the following means that have been employed in a fuel injection control system for 
an internal combustion engine for transmitting a driving force to an output shaft through a 
transmission. 

[0008] (1). The fuel injection control system includes: means for detecting the 

engine speed NE; means for determining the fuel injection quantity as a function of the 
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engine speed NE; means for discriminating the gear position of the transmission; and means 
for correcting the fuel injection quantity on the basis of the discrimination result of the gear 
position. 

[0009] (2). The correction means includes means for determining the correction 

factor as a function of the gear position, and means for multiplying the fuel injection quantity 
by the correction factor. 

[0010] According to the above-described feature (1), since the fuel injection 

quantity is corrected in response to the gear position even if the engine speed NE and the 
throttle opening 9TH are the same, it becomes possible to always perform optimum fuel 
injection. 

[0011] According to the above-described feature (2), it is possible to obtain the 

optimum fuel injection quantity for each gear position without providing a TH map for each 
gear position. 

[0012] Furthermore scope of applicability of the present invention will become 

apparent from the detailed description given hereinafter. However, it should be understood 
that the detailed description and specific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention will become more fully understood from the detailed 

description given hereinbelow and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the present invention, and wherein: 
[0014] Figure 1 is a general block diagram showing a fuel injection system 

according to an embodiment of the present invention; 

[0015] Figure 2 is a functional block diagram showing a fuel injection control unit 

10 of Figure 1; 
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[0016] Figure 3 is a flowchart showing a control procedure of fuel injection; 

[0017] Figure 4 is a flowchart showing a discrimination procedure of a gear 

position; 

[0018] Figure 5 is a flowchart showing a calculation procedure of a correction 

factor by a gear; 

[0019] Figure 6 is a view showing an example of the correction factor by a gear 

(KgpdO); and 

[0020] Figure 7 is a view showing an example of a throttle correction factor 

(Kgpth). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] Hereinafter, with reference to the accompanying drawings, a description 

will be made of a preferred embodiment of the present invention in detail. Figure 1 is a 
general block diagram showing a fuel injection control system according to one embodiment 
of the present invention. An intake port 22 and an exhaust port 23 are opened into a 
combustion chamber 21 of the engine 20. Each port 22 and 23 is provided with an intake 
valve 24 and an exhaust valve 25, respectively. An ignition plug 26 is provided extending 
into the combustion chamber 21 . 

[0022] A throttle valve 28 for adjusting the intake air quantity in response to the 

opening 9TH thereof, and a throttle sensor 5 for detecting the throttle opening are provided in 
an intake passage 27 leading to the intake port 22. A vacuum sensor 6 for detecting the 
manifold air pressure PB and a fuel injection valve 8 are arranged on the downstream side of 
the throttle valve 28. An air cleaner 29 is provided at a terminal of the intake passage 27. 
An air filter 30 and an intake temperature sensor 2 for detecting the intake (atmospheric) 
temperature TA are provided within the air cleaner 29. Open air is taken into the intake 
passage 27 through the air filter 30. 

[0023] An engine speed sensor 4 for detecting engine speed NE on the basis of a 

rotation angle of a crankshaft 33 is arranged opposite to the crankshaft 33, which is coupled 
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to a piston 31 of the engine 20 through a connecting rod 32. Furthermore, a vehicle speed 
sensor 7 for detecting vehicle speed Vpls is arranged opposite to a rotor 34, such as a gear, 
which is coupled to the crankshaft 33 for rotation. A water temperature sensor 3 for 
detecting cooling water temperature TW representing the engine temperature is provided on a 
water jacket formed around the engine 20. 

[0024] The ECU (Engine Control Unit) 1 includes a fuel injection control unit 10, a 

PB map 11, and a TH map 12. In the PB map 11, a basic injection quantity Ti of fuel has been 
registered for each corresponding relationship between the engine speed NE and the manifold 
air pressure PB. In the TH map 12, a basic injection quantity Ti of fuel has been registered 
for each corresponding relationship between the engine speed NE and the throttle opening 
9TH. 

[0025] The fuel injection control unit 10 outputs an injection signal Tout to the fuel 

injection valve 8 on the basis of a signal (process value) obtained by each of the sensors, and 
the PB map 11 or the TH map 12. This injection signal Tout is a pulse signal having a pulse 
width responsive to the injection quantity. The fuel injection valve 8 is opened by a time 
period corresponding to the pulse width to inject the fuel. 

[0026] Figure 2 is a functional block diagram for the fuel injection control unit 10. 

It should be noted that the same reference numerals have been used to identify the same or 
similar elements. 

[0027] A correction factor calculation unit 101 calculates a manifold air pressure 

correction factor Kpb, an intake temperature correction factor Kta and a cooling water 
temperature correction factor Ktw and the like on the basis of process values such as the 
manifold air pressure PB, the intake temperature TA and the cooling water temperature TW. 
The correction factor calculation unit 101 then integrates all of the correction factors to 
calculate a total correction factor Ktotal. 

[0028] A state judgment unit 104 judges whether the engine is in a steady state or 

in a transient state on the basis of an hour rate of change A0TH of the throttle opening 6TH. 
A map selection unit 105 selects the PB map 11 or the TH map 12 as a data map for 
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determining the basic injection quantity Ti of fuel on the basis of the judgment results of the 
engine state. When the TH map 12 is selected by the map selection unit 105, a gear position 
judgment unit 102 judges a present gear position Ngp on the basis of the vehicle speed Vpls 
and the engine speed NE. 

[0029] A Kgpd calculation unit 103 calculates a correction factor by a gear Kgpd 

on the basis of the discrimination result of the gear position Ngp and the engine speed NE. 
A basic injection quantity determination unit 106 determines the basic injection quantity Ti 
on the basis of the engine speed NE, the manifold air pressure PB and the PB map 11, or on 
the basis of the engine speed NE, the throttle opening 9TH and the TH map 12. An 
injection quantity determination unit 107 determines the fuel injection quantity Tout on the 
basis of the basic injection quantity Ti, the total correction factor Ktotal, the correction factor 
by a gear Kgpd and an accelerated correction value Tacc and the like. 

[0030] Referring to the flowchart of Figure 3, a description will be made of the 

operation of the fuel injection control unit 10 in detail. This handling is executed by 
interruption due to a crank pulse in a predetermined stage. 

[0031] In a step SI, the engine speed NE is read. In a step S2, the throttle 

opening 9TH is read. In a step S3, an hour rate of change AGTH of the throttle opening 9TH 
is calculated on the basis of a differential between a previous value for the throttle opening 
9TH obtained by detecting in the step S2 and this value. In a step S4, the manifold air 
pressure PB is read. In a step S5, the hour rate of change A0TH of the throttle opening 9TH 
is compared with the basic rate of change A9Thref in the state judgment unit 104. 
[0032] If the rate of change A9TH is under the basic rate of change A9THref, the 

sequence will proceed to a step Sll by judging that the throttle handling is slow and the 
engine is in a steady state. In the step Sll, the PB map 11 is selected by the map selection 
unit 105. In a step SI 2, the PB map 11 is retrieved on the basis of the engine speed NE and 
the manifold air pressure PB to determine the basis injection quantity Ti. In a step SI 3, the 
final fuel injection quantity Tout is calculated by adding a further predetermined acceleration 
correction quantity Tacc and invalid injection time TiVB, to a product of the basic injection 
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quantity Ti and the total correction factor Ktotal obtained by the correction factor calculation 
unit 101. 

[0033] The acceleration correction quantity Tacc is calculated in response to, for 

example, the rate of change of the throttle opening. The invalid injection time TiVB is a 
time period, of the intake-valve opening time period, which is not accompanied by perfect 
injection of fuel. The invalid injection time TiVB is determined by a type and structure of 
the fuel injection valve 8. 

[0034] On the other hand, if the rate of change A9TH exceeds the basic rate of 

change AOTHref, the sequence will proceed to the step S6 by judging the engine to be in a 
transient state. In the step S6, the TH map 12 is selected by the map selection unit 105. In 
the step S7, the TH map 12 is retrieved on the basis of the engine speed NE and the throttle 
opening 9TH to determine the basic injection quantity Ti. In the step S8, "Gear 
discrimination" is executed in the gear position discrimination unit 102. Gear 
discrimination occurs when the present gear position Ngp is discriminated on the basis of the 
engine speed NE and the vehicle speed Vpls,. 

[0035] Figure 4 is a flowchart showing a procedure of the above-described "Gear 

discrimination." In a step S701, it is judged whether or not this vehicle speed sensor 7 is 
normally operating on the basis of an output signal from a vehicle speed sensor 7. If out of 
order, the sequence will proceed to a step S716 and "0" is set in a gear position (GP) counter 
Ngp. If it is normally operating, the sequence will proceed to a step S702 to compare the 
vehicle speed Vpls with the reference vehicle speed Vref. This reference vehicle speed Vref 
is a reference value forjudging whether or not the vehicle is traveling at low speed, and has 
been set to, for example, several km/h. 

[0036] If the vehicle speed Vpls exceeds the reference vehicle speed Vref, the 

sequence will proceed to a step S703 to compare a gear ratio NEV (= NE/Vpls) with a first 
reference gear ratio NEVrefl . If the gear ratio NEV is smaller than the first reference gear 
ratio NEVrefl, "1" is set in the GP counter Ngp in a step S704, indicating that the 
transmission is at the first stage. In this respect, in the step S702, even when the vehicle 
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speed Vpls is judged to be lower than the reference vehicle speed Vref, "1" is set to the GP 
counter Ngp in the step S704. 

[0037] On the other hand, if it is judged in the step S703 that the gear ratio NEV 

exceeds the first reference gear ratio Vrefl, the sequence will proceed to a step S705, in 
which the gear ratio NEV will be compared with a second reference gear ratio NEVreG. If 
the gear ratio NEV is smaller than the second reference gear ratio NEVreG, "2" will be set to 
the GP counter Ngp in a step S706. 

[0038] Similarly, if it is judged in the step S705 that the gear ratio NEV exceeds 

the second reference gear ratio NEVreO, the sequence will proceed to a step S707, in which 
the gear ratio NEV will be compared with a third reference gear ratio NEVreG. If the gear 
ratio NEV is smaller than the third reference gear ratio NEVreO, "3" will be set to the GP 
counter Ngp in a step S708. 

[0039] Hereinafter, similarly, if it is judged in the step S709 that the gear ratio NEV 

is lower than the fourth reference gear ratio NEVref4, "4" will be set to the GP counter Ngp 
in a step S710. If it is judged in the step S711 that the gear ratio NEV is lower than the fifth 
reference gear ratio NEVrefS, "5" will be set to the GP counter Ngp in a step S712. If it is 
judged in the step S713 that the gear ratio NEV is lower than the sixth reference gear ratio 
NEVrefS, "6" will be set to the GP counter Ngp in a step S714, and if it is judged in the step 
S713 that the gear ratio NEV exceeds the sixth reference gear ratio NEVrefS, "7" will be set 
to the GP counter Ngp in a step S715. 

[0040] When registration of the gear position to the GP counter Ngp is completed 

as described above, "Kgpd calculation" for calculating the correction factor by a gear Kgpd is 
executed in the Kgpd calculation unit 103 on the basis of the registered value of this GP 
counter Ngp in a step S9 of Figure 3. 

[0041] Figure 5 is a flowchart showing the procedure of the above-described 

"Kgpd calculation." In a step S801, it is judged which map has been selected in the map 
selection unit 105. If the TH map 12 has been selected, the sequence will proceed to a step 
S802 to compare the cooling water temperature TW with the reference temperature Twref. 
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If the cooling water temperature TW exceeds the reference temperature Twref, the 
above-described GP counter Ngp will be referred to in steps S803, S804 and S805. 
[0042] If the GP counter Ngp indicates "5" or "6," an NE/Kgpdh table for during 

low load to be described later will be retrieved on the basis of the engine speed NE in a step 
S806. The retrieval result will be registered as a provisional value KgpdO of Kgpd. 
Similarly, if the GP counter Ngp indicates "3" or "4," an NE/kgpdm table for during middle 
load to be described later will be retrieved on the basis of the engine speed NE in a step S807. 
The retrieval result will be registered as the provisional value KgpdO. Similarly, if the GP 
counter Ngp indicates "1" or "2," an NE/Kgpdl table for during high load to be described 
later will be retrieved on the basis of the engine speed NE in a step S808. The retrieval 
result will be registered as the provisional value KgpdO. 

[0043] Figure 6 is a view showing the contents of each of the above-described 

tables schematically and superimposed. For each engine speed NE, there has been 
registered each correction factor Kgpdh, Kgpdm and Kgpdl corresponding thereto. In the 
present embodiment, each correction factor has been selected such that each correction factor 
at the engine speed NE indicates a tendency of Kgpdh (high load) > Kgpdm (middle load) > 
Kgpdl (low load). Specifically, in the present embodiment, the smaller the engine load 
becomes, the smaller the value of the correction factor becomes. As a result, the injection 
quantity of fuel is reduced. With regard to the relationship between the engine speed NE 
and each correction factor, registration is made with only 7 items among the engine speeds 
NE. Any other relationship can be determined through interpolation. 

[0044] Referring again to Figure 5, in the step S810, a 0TH/Kgpth table is retrieved 

on the basis of the throttle opening 0TH. The retrieval result will be registered as the 
throttle correction factor Kgpth. In the step S811, the correction factor by a gear Kgpd is 
calculated as a product of the provisional value KgpdO of the Kgpd and the throttle correction 
factor Kgpth. 
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[0045] In this respect, if the GP counter Ngp indicates "0" or the judgment in the 

steps S801 and S802 is negative, the correction factor by a gear Kgpd will be set to "1.0" 
irrespective of the data tables and the throttle correction factor Kgpth in the step S809. 
[0046] Referring again to Figure 3, in the step S10, the final fuel injection quantity 

Tout will be calculated by further adding a predetermined acceleration correction quantity 
Tacc and invalid injection time TiVB to a product of the basic injection quantity Ti, the total 
correction factor Ktotal, and the correction factor by gear Kgpd obtained by the Kgpd 
calculation unit 103. 

[0047] In the step S14, a driving signal of the fuel injection valve 8 is outputted 

only during the fuel injection quantity Tout. The fuel injection valve 8 is opened only in a 
time period during which this driving signal is being outputted to inject the fuel. 
[0048] According to the present invention, the following effects will be exhibited. 

[0049] Since there is provided means for discriminating a gear position of the 

transmission in such a maimer that the basic injection quantity is corrected on the basis of the 
discrimination result of the gear position, the optimum fuel injection quantity can be obtained 
in response to the engine load even if the engine speed NE and the throttle opening GTH are 
the same. 

[0050] Since the correction factor is determined as a function of a gear position and 

this correction factor is multiplied by the fuel injection quantity in order to determine the 
optimum fuel injection quantity for each gear position, the optimum fuel injection quantity 
for each gear position can be obtained without providing a TH map for each gear position. 
[0051] Since it has been arranged such that the lower the gear position becomes, 

the more the fuel injection amount reduced, it is possible to improve the specific fuel 
consumption during a low-speed traveling load. 

[0052] The invention being thus described, it will be obvious that the same may be 

varied in many ways. Such variations are not to be regarded as a departure from the spirit 
and scope of the invention, and all such modifications as would be obvious to one skilled in 
the art are intended to be included within the scope of the following claims. 



